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The  following  is  a  wrar.sli.tior.  of  an  article 
by  W.  Schafer*  which  appeared  in  the  Go  naan 
language  periodical,  Path.  Microbiol  ( Path¬ 
ology  and  Microbiology) ,  Voi.  2c,  pages 

517-935,  (1565)] 


The  fact  that  proliferating  aniral-pathogenic  viruses  are  de¬ 
pendent  upon  the  metabolic  apparatus  of  the  cc.il  has  been  known  since 
the  time  of  Loffler  and  Prosch;  also  the  fact  they  are  effective  in 
many  dii'ferent  ways  was  immediately  apparent  to  clinicians  and  lead 
to  the  first  histologic  and  histocharrh.cal  investigations.  However 
core  precise  studies  became  possible  only  when  more  sophisticated 
techniques  were  introduced.  Only  after  the  application  of  tissue- 
culture  techniques  could  reproducible  experimental  results  be  achieved, 
the  application  of  isotopes  leading  to  great  accuracy  and  sensitivity. 

The  study  of  the  interactions  between  two  partners  can  only 
lead  to  worthwhile  results  if  the  properties  of  each  partner  are  well- 
known.  lor  this  reason  only  a  few  animal  virus  types  which  have  been 
analyzed  in  detail,  have  so  far  been  chosen.  As  the  field  of  experi¬ 
mental  virology  is  still  in  a  state  of  flux  I  should  like  to  limit  By- 
discussion  to  the  studies  performed  by  our  own  group.  Ky  collabora¬ 
tors  in  this  work  were  F.  and  H.  Hausen,  R.  Rott  and  C.  Scholtissek 
(See  references  1,2,3  and  4) . 


*  At  the  Max- Planck  Institute  for  Virus  Research,  Tubingen. 
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In  recent  years  our  sphere  or  ;utcr.v.t  has  involved  three  dif- 
le-cnt  types  ol  carefully  chosen  viru..ee.  —'ey  are  representative  of 
three  freups  of  viruses  which  have  p  ■- esical  importance  and  which  can 
he  easily  handled  euuerir.er.s^lh'*  i’h.  chose,  types  wars:  a  Columbia 
SY  strain,  the  Ml  virus,  as  reprow  -.ntasiv--  of  the  Pikorn  viruses; 
the  classical  ?e.y ltry-“‘la yue  virus  (mp,  o'  e  pyxoviraooc  as  rep¬ 
resentative  of  the  influenza  viruses  and  iin;JJy,  the  Newcastle 
disease  virus  (NDV)  as  representative  of  the  Para- influenza  viruses . 

Over-simplified  diagrams  of  these  viruses  acre  given  in  F injure  1. 


..evrr.r.tnic2se 


A-c>^n 


NS  / 

ME -Virus 


Figure  1.  Diagram  of  three  model  viruses. 

All  three  types  of  viruses  contain  single-stranded  nucleic 
acids  of  the  ri'oose  type  (ENA) ;  in  Ml-  and  KP?virus  the  amount 
corresponds  to  a  molecular  weight  of  about  2  X  10°,  in  MDV  it 
appears  to  be  somewhat  greater.  In  X2-virus  the  RNA  is  surrounded 
by  a  relatively  simply  structured  protein  shell.  According  to  the 
latest  results  of  R.  Rueckert  (5,6),  this  consists  of  two,  or  even 
three,  polypeptides.  In  KP-virus  end  NDV  the  nucleic  acid  together 
with  a  special  protein  forms  a  thread-like  inner  component,  the  g- 
or  RK?-antigen,  whose  structure  differs  for  each  virus.  In  the 
I  uovirusea  the  RNP-antigen  is  surrounded  by  a  spiny  shell,  the 
hemagglutinin,  whose  distinctive  characteristic  Is  the  fact  that  it  is 
the  carrier  of  the  hemagg latinising  properties  of  the  virus  particle. 
Neuraminidase  also  appears  to  be  contained  within  this  component. 
Studies  of  K?  virus  show  that  the  hemagglutinin  is  a  carbohydrate 
protein  complex.  The  entire  structure  is  held  together  with  lipo¬ 
proteins  which,  as  will  be  shown  later,  were  originally  components  of 
the  cell  wall. 
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01  .  ojv.cric-.sntsi  sig-'-ilicunce  tie  possibility  ol  curc- 

1-1  dicc.e cl  tic  cor:.pla:t  structure  cl  t’/.c  ryxoviruccs  to  obtain 
•cir  11.1-  tt:  -  ciici  hcac-lutinin-corpic;-:  ir.  or.  essentially  pure 

lor...  (sec  .  i;v.ro  2,.  -t  was  also  possible  to  prepare  potent  component- 
.....eific  £-...tat  jra  vhieh  v;e  used  lor  th^  localisation,  of  the  various 
.  — «'  j.  CvC.  g4  t .  .e  c elu.  or  —or  tneir  ..ben. 
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Figure  2.  (a)  MP-antigea  of  I!DV. 
Left:  evaporated;  Right;  negative 
contrast  obtained  with  Fnospho-Tungstic 
acid  (PTa).  (d)  Kenagolutinin  of  LP- 
virus  {P2A) . 
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Ac  --out  cell,  we  used  rouse  fibroblast  of  strain  2  for  the 
I'd;  virus,  and  primarily  chicken  fibroblasts  for  the  ryxovirus. 

Virus-?! cot  Cell  i:i" -'motions . 

In  the  study  of  the  interactions  occurring  between  the  vims 
nr.d  hosf-c;  M  we  first  followed  tie  behavior  of  the  virus-specific 
material  and  tier,  attempted  to  correlate  this  with  changes  in  the 

iuo tic*  vOxxc  wii,r*uv • 

a)  Behavior  of  the  virus-specific  material. 

Tic  fo.U.owing  picture  for  the  1:1- virus-1- cell  system  re¬ 
sulted  frc. .  ctud..es  of  the  behavior  of  the  virus  material:  signi- 
ic ant  changes  becone  apparent  shortly  after  contact  occurs  between 
host  cell  and  the  infecting  virus  particle.  It  enters  a  phase 
which  car.  be  designated  the  "Eclipse"  phase  in  which  its  infectious- 
r.ess  can  no  longer  be  detected  by  the  usual  mans.  According  to 
accepted  opinion  this  indicates  that  tic  a  virus  particle  has  liberated 
its  genetic  material,  nucleic  acid.  Apparently  the  ME-virus  requires 
no  special  enzyme  for  this.  By  using  highly-purified  crystallized 
12-virus  we  found  that  in  0.07  -•  1’aCl  solution  at  pH  6.0  ar.d 
57  *C  its  shell  rapidly  breaks  up  into  fragments .  In  addition  we  ob¬ 
served,  in  electron-optic  investigations,  that  substructures  can  de¬ 
tach  from  the  virus  shell  at  the  weak  points  (without  further  pre¬ 
paration  during  evaporation  on  the  slide)  Iron  which  the  nucleic  acid 
■threads  emerged  (figure  3) .  "he  >2-vi rus  shell  is  therefore  a 
relatively  unstable  system  which  under  quasi-physiciogical  conditions 
can  be  split  without  enzymic  participation,  causing  release  of  its 
nucleic  acids.  Drews  made  similar  observations  with  polio-virus 
(Personal  communication)  . 

Under  the  direction  of  the  liberated  RXA ,  viru>-K2A  and 
-protein  are  formed  on  the  new  virus  material  in  the  host-cell 
(figure  4).  The  BHA  was  found  to  be  phenol- extractable,  ribo- 
nuc lease  labile,  and  the  infectious  component.  The  kinetics  of  the 
formation  of  .  [page  922  is  missing  ] 
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fp.  92p]  ....  virus  proteins  were  followed  serologically  and  with 

C^^-l-.Vicir..  iiiii,;:.  llaturnliy  we  were  also  interested  in  see  ins 
whether  clwU'c-vi- Uvrcn.-cd  JUTA  ..uy  play  t  role  in  the  f  creation  of  new 
single-stranded  virc.1  FI  A.  During  these  investigations  we  were  able 
to  isolate  double-strvr.iod  FI  .A  free  the  infected  cells,  as 
Montugnie-r  ar.d  Senders  (7)  were  able  to  do  for  DMC-virus  and  P. 

Muucon  (6)  for  .VD-virus  (figure  5).  Hausen  shoved  that  its  production 
essentially  paralleled  that  of  the  single- strru.de  a  virus  SICA. 

"Chose"  experiments  v:  «h  r„diouctively  labelled  nudoic-acid  pre¬ 
cursors  indicated  t..-t  a  part  of  the  double-stranded  RITA  is  con¬ 
tinually  replaced  with  n*viy- synthesized  material.  Melting  and  puri¬ 
fication  experiments  in  which  the  "hot  v"  portion  of  the  douole 
strand  is  replaced  by  "cold"  PITA  isolated  from  the  virus  particle 
showed  that  the  +- portion  is  continually  relieved.  All  these  findings 
can  be  understood  cost  easily  by  assuring  that  the  formation  of  M2- 
virus  RXA  follows  the  principle  of  asymmetric  seaiconservative  pro¬ 
liferation  (cf.  9)  (Figure  6). 


Double  Strand  ?F.!A 


•*N 

•••  « /?;Vd-  Doppelstrang 

Vl 

*  ■i/fic.'i  scftde  RNS-Kctten 


Figure  6.  Schecatization  of  the  asymmetric, 
seciconservative  proliferation  of  virus-RNA. 


To  nographicaiiy,  according  to  the  autoradiographic  experiments 
described  below,  the  proliferation  of  KS-virus-RKA  appears  to  take 
place  in  the  cytoplasm.  In  the  same  place  one  also  finds  virus-  ...  ... 
protein  with  fluorescent  antibodies  (Figure  7) .  As  soon  as  suffi¬ 
cient  quantities  of  both  components  are  applied  they  combine  to  form 
the  new  infectious  virus  elements  (Figure  h) .  Their  liberation  occurs 
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-i-r  7,  (a).  Autoradicsraph  of  KCA-synchesis  in  KE- 
Lnfec ted- L- cells  .  5  tours  poso-injection.  5  aoa^e 

K^-uridine.  (b) .  Demonstration  of  I-ffi-antigen  in 
Lf“«d\-oeUs,  Min*  fiu««c«t  ««>*«»• 

(1  hours  post-injection) . 

Figure  8) . 
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Figure  8.  Diagram  of  the  XP-virus .  ‘  =  RXP-Antigen, 

>  °  -v\A j  ana  J  «  *.o~ '»ug3-raoaaur.  • ) 


Figure  9-  Diagram  of  NEV- antigen  in  infected  cells 
with  component  specific  fluorescent  antibodies,  (a) 
Chicken  fibroblast  8  hours  post-infection  (p.i.). 

HXP- antigen-antibodies .  (b)  Chicken  fibroblast  7 
hours  p.i.,  Hemagglutinin-antibodies .  (c)  Chicken  em¬ 
bryo-  lung-cells  6  hours  p.i.,  RNF-antiboaies.  (d) 
Chicken  embryo-lung-cells  6  hears  p.i.,  Hemagglutinin- 

antibodies  . 
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The  prclifcrtticn  cycle  c.'  hlV,  the  oiler  :•  movirus,  chows 
certain  siediaritics  with  that  0.'  the  hP-vivus  but  also  characteristic 
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how  does  this  pher. or.er.or.  affect  metabolism  of  the  host  cell? 

The  emphasis  of  our  studies  to- date  has.  been  or.  PfA-  ar.d  protein  meta- 
holism  which  was  followed  us  a  r.  ~  pb^-  C-"-  ar.d  lib-labelled  com¬ 
pounds.  The  kinetics  were  studied  using  Carper-  ar.d  Scintiilation- 
cou-.tia.j,  one  .ops^t^rapry  ay  s*.v.  ...o^.  .a. ...  e^wi.oao. 

The  studies  showed  that  ir faction  of  L- ceils  with  M>  virus 
leads  to  rmrkcd  changes  in  metabolism.  3oon  after  infection  the 
autoradiographic  picture  shows  extensive  interference  of  FRA- synthesis 
in  the  coll  nucleus,  which  at  the  time  of  the  virus -UFA  is  followed 
by  marked  IdVA- synthesis  in  ar.  unusual  location  i.c. ,  the  cytoplasm. 
(Figure  1C)  .  ThijS  phenomena  was  studied  quantitatively  by  labelling 
the  FiCA  with  CJ-<T-'uridine  and  determining  the  rates  of  incorporatior. 
using  a  scintillation  counter.  The  results  are  graphed  in  Figure  11. 

Ac  the  incorporation  studies  with  radicactively  labelled 
leucine  showed,  ar.  inhibition  of  protein  synthesis  parallels  the 
re auction  of  normal  RJtl  synthesis  in  the  nucleus  which  is,  however, 
interrupted  at  the  time  when  Fill  synthesis  takes  place  in  the  cyto¬ 
plasm.  (Figure  il)  .  Cessation  of  celi-DICA-synthesis  was  also  demon¬ 
strated  using  Tritium- labelled  thymidine. 

If  one  correlates  these  results  with  those  described  above 
then  one  can  conclude,  with  greater  certainty,  that  the  SKA  which 
appears  in  the  cytoplasm  is  virus-RKA  and  that  the  protein  formed 
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Figure  10.  Autoradiograph  of  Fl'A- synthes  is  in  MS 
infected  L-cells  (ip-uridine,  5-siuute  pulse) . 

simultaneously  is  virus  protein.  Pulse  experiments  confirm  that  EFA 
which  later  appears  in  the  mature  virus  elements  is  actually  identi¬ 
cal  to  the  SKA  produced  in  the  cytoplasm  3  to  6  hours  p.i.  The 
labelled  protein  which  is  formed  at  this  time  can  be  characterized 
as  virus-specific  protein  with  the  aid  of  a  precipitating  antibody. 

In  the  quest  for  the  reason  for  the  isorked  changes  in  RXA- 

synthesis  we  came  upon  substances  which  appear  very  early 
in  the  proliferation  cycle  ana  apparently  have  an  albumin- like  nature. 
Even  though  they  are  produced  under  the  direction  of  the  virus  -  RNA 
they  still  cannot  be  detected  by  virus-specific  tests.  They  can  only 
be  uemonstrated  by  indirect  methods  using  substances  which  interfere 
with  protein  synthesis  (Figure  12) .  These  are  designated  as  "early 
proteins."  Previous  results  with  M2 -virus  and  other  virus- types  of 
the  same  group  suggest  that  there  are  at  least  three  different  types 
of  early  protein  in  the  corresponding  systems  i.e.: 

1.  an  inhibitor  of  normal  ENA  synthesis; 

2.  a  substance  which  obviously  independently  inhibits  normal 
protein  synthesis; 

3.  a  virus -ETiA- polymerase. 
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Figure  13 .  Action  of  S-Azaguenir.  (AG)  or  BI:A- 
and  protein-metabolism  of  XZ-infected  L-cells. 
AG  was  added  at  tine  0. 


It  was  interesting  to  find  that  both  inhibitors  are  already 
forced  at  a  time  at  which  no  perceptabie  proliferation  of  virus -ENA 
has  occured.  Even  though  the  proliferation  is  suppressed  with  8- 
Azaguanine,  which  inhibits  the  synthesis  of  virus-RNA  without  signi-' 
ficantly  distrubing  that  of  cell-EKA,  the  "early-proteins'  will  still 
be  forced  (Figure  13) .  We  are  therefore  inclined,  to  assume  that 
their  synthesis  is  induced  immediately  by  the  ENA  of  the  infiltrated 
virus  particle. 

Figure  It  summarises  the  total  picture  of  the  interactions  be¬ 
tween  MI- virus  and  its  host  cell. 
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figure  11.  Pi eg  ram  of  she  ir.b erections  between  K3- 
virus  and  L~ cells .  Cn  the  right  is  indicated  the 
time  (after  infection)  at  which  the  corresponding 
processes  occur  in  the  ceil. 

1:  Inhibitor  of  normal  protein  synthesis. 

2:  Inhibitor  of  normal  Hub  synthesis. 

5 :  FXA-polymeras  e . 


Unfortunately,  an  abridged  and  partially  hypothetical  picture, 
similar  to  the  one  for  KE-virus,  can  net  yet  be  presented  for  both 
rynoviruses.  Early  proteins  also  occur.  We  can  only  state  with  cer¬ 
tainty  that  at  least  one  of  them  is  necessary  for  virus  replication  to 
proceed  normally.  It  would  be  interesting  to  ascertain  whether  the 
transport  of  RHP- antigen  in  X?-virus,  from  the  nucleus  into  the  cyto¬ 
plasm,  is  inhibited  by  the  amino  acid  analog  parafluorophenylaniline 
(PUPA)  (see  Figure  15) ,  It  is  possible  that  a  special  protein  is 
again  required  for  this  process. 

Striking  differences  come  to  light  if  one  compares  the  in¬ 
fluence  of  XE- virus  on  the  one  hand,  with  that  of  both  nyxoviruses  on 
the  other  on  the  BXA-  and  protein-metabolism  of  the  host  cell.  In 
contrast  to  the  XE-virus  neither  the  X?  ■  nor  the  XD-virus  inter¬ 
venes  to  any  great  extent  in  the  eaify  stages  of  proliferation.  Iu3V 
may  be  used  as  an  example.  In  XDV  normal  PXA  synthesis  remains 
so  intense  that  it  masks  the  synthesis  of  virus-RKA  in  the  autoradio¬ 
graph  (Figure  lo) .  The  latter  can  only  be  clearly  seen  in  the  auto- 
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Figure  15 .  localization  of  the  RlfP-anuigen  of  KP- 

(}fz  mu  adaiS  °;iSt 

escen'-1RKP*a^ti  2  nouf6  Stained  with  fluor- 

(*)0>)  4  hours  p.i. 

/vl  ^  7  hours  P*1*:  V,e)(f)  10  hours  p.i.;  (g) 

(  ;  *3  hours  p.i.:  Chicken  enhryo  cells. 
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figure  i6.  .fcutoradiograph  of  UMA  synthesis 
(iP -uridine  incorporation)  in  normal  and  NDV- 
iafected  KB-cells.  Upper  row  without,  lower 
with  actinocycin  addition. 


Concluding  remarks. 

_  -z  ^  \  ■  <  ■ 

As  these  few  examples  show,  virus  types  which  contain  the 
sane  type  of  nucleic  acid  can  themselves  be  synthesized  in  the  host 
cell  and  can  affect  its  metabolism  in  many  different  ways.  Whereas 
in  KP-virus  the  synthesis  of  virus-  KNA  occurs  in  the  cell  nucleus, 
in  >E-virus  as  well  as  in  KUV,  which  in  several  respects  resembles 
KP-virus ,  synthesis  apparently  occurs  in  the  cytoplasm.  Also, 
whereas  there  is  an  immediate,  drastic,  reduction  of  normal  RHA- 
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i-vi.'uS,  •oi.iuC  are  disturbed  relatively 
la se  of  the  proliferation  cycle  in 


e  been  no  r.r.dlotous  studies  of  tumor- 


r*  o  ucang,  * ^ a\.m0  -a.,  eo  — r k. .  ..  _ r  r/.eet  laxoly  tnat 

thcae  viruses,  which.  ffcasv;hat  reserble  ::v';-:ovi-..cus  morphologically 
ur.a  to  vaaca  ever,  the  T-H  8- influenza  vim.:  so-.:  .~  to  ’’oLcr.g,  accoi'd- 
1:13  to  the  very.  interesting  observatie-.s  of  vc..  Luuchtenberger  ct  al 
(if),  change  the  normal  metabolism  of  the  cell  to  a  lesser  extent  than 
If- virus  or  IOV.  It  appears  th.f.  they  have  found  a  modus  viveudi 
with  the  cell  which  the  latter  however  rust  repay  t  hr  ouch  unlimited 
proliferation.  How  this  occurs  will  only  be  clarified  by  an  extensive 
invest 1300 ion  of  the  interaction  between  both  partners. 


V/hen  we  are  faced,  or.  the  biochemical  level,  with  the  various 
activities  of  viruse; .  we  east  ask  how  information  cay  be  obtained 
from  such  minute  organises .  The  latest  results  of  molecular  biology 
show  that  even  the  smallest  viruses  contain  large  quantities  of  gene¬ 
tic  material,  in  contrast  to  expectations.  Or.e-third  of  the  REA  con¬ 
tained  in  RXA-virus  suffices  to  transfer  the  information  of  the  virus 
protein.  The  remaining  two-thirds  is.  available  for  other  information. 
The  range  of  variation  thereby,  possible  would  explain  why  the  quest 
for  chemotherapeutic  substances  having  a  wide  range  of  action  has  thus 
far  been  unsuccessful.  We  must  also  consider  the  fact  that  the  only 
substances  worthy  of  investigation  are  those ‘which  leave  the  meta¬ 
bolism  which  is  normally  a  part  of  virus  synthesis,  substantially  un¬ 
changed.  In  animal  studies  we  observed  that  a  compound  X  may  have 
a  marked  effect  on  a  certain  strain  of  virus,  but  no  effect  whatso¬ 
ever  upon  a  closely  related  variety.  On  the  other  hand,  a  compound 
Y  may  have  a  relatively  wide  range  of  effects  in  the  experimental 
animal.  Closer  analysis  of  its  mechanism  of  action  showed  that  it 
seriously  interferes  with  normal  MA- metabolism  of  the  cell. 


However  I  should  like  to  discuss  not  only  the  negative  as¬ 
pects  of  our  findings  but  a  positive  aspect  as  well.  Using  KE-virus 
as  an  example  it  can  be  shown  that  there  are  viruses  capable  of  in¬ 
ducing  the  production  of  materials  which  regulate  the  genetic  func¬ 
tions  of  the  host  cell.  In  my  opinion  the  possibility  exists  that 
such  "virogene  regulators"  will  prove  to  be  of  therapeutic  value  - 
e.g.  in  tumor  treatment  -  and  the  viruses  now  known  only  as  patho¬ 
genic  agents,  will  be  found  to  serve  as  transmitters  of  the  desired 
Information. 


It  is  natural  to  assume  that  we  will  succeed  in  making  virus 
particles  that  contain  a  .limited  amount  of  information.  Experimental 
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DISCUSSION 


y.  Burke:  According  to  ;  vur  findings  1.1'/  contains  essential  ele¬ 
ments  of  the  host  cell  in  the  shell]  nevertheless  it  is  a  good 
immunogen.  According  to  Baker.,  herpes  viruses  are  not  Immunogens 
because  the/  have  too  much  host  material  in  their  shell.  Could  you 
male*  some  statement  concerning  the  shell  material  of  Herpes  virus? 

Do  you  consider  the  late  fluorescence  in  the  nucleus  after  in¬ 
fection  with  paramyxoviruses  to  be  specific? 


W.  Schafer:  1.  The  finding  of  RK?- antigen  in  the  nuclear  region  of 
SUV-infected  KB-cella  can  be  explained  by  the  fact  that  in  later 
stages  of  the  proliferation  processes  of  degeneration  phenomena  ap¬ 
pear  in  the  nuclear  membrane  and  the  antigen  passes  through  the 
membrane.  However  it  is  more  likely  that  at  this  time  BNP- antigen 
groups  are  demonstrable  in  the  thin  layer  of  plasma  above  or  below 
the  nucleus.  Our  studies  were  made  on  Intact  cells. 

2.  I  would  imagine  that  there  are  gradual  differences 
in  the  coating  of  virus  particles  with  normal  host  maser iai.  In 
influenza  -  and  parainfluenza  -  viruses,  large  quantities  of  virus- 
specific  material  penetrate  the  host-shell;  perhaps  these  are  parts 
of  the  hemagglutinins  which  are  present.  -  the  situation  appears  to 
be  different  in  ayeloblastose  virus  which  -is  of  construction  similar 
to  that  of  the  nyxoviruses.  The  portion  of  normal  host  material  is 
apparently  such  larger  in  nyloblastose  virus.  It  contains  demon¬ 
strable  amounts  of  ATP&se  derived  from  the  cell  membranes  and  can 
carry  along  cartilagenous  na ter iai  when  it  is  produced  by  cartilage 
cells.  We  were  able  to  show  that  when  this  virus  is  injected  into 
rabbits,  in  which  it  does  not  proliferate,  one  finds  that  anti¬ 
bodies  for  host  material  predominate  in  the  serum.  These  surround 
the  virus- specific  material  to  such  an  extent  that  the  immunogens- ‘  — 
can  no  longer  act  upon  it.  -  Herpes  virus  can  behave  in  a  manner 
similar  to  that  of  cyeloblastosevirus  in  this  instance. 


